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@ iWlethod and apparatus for ion analysis and detection using reverse mode suppression. 

@ A method of ion analysis and detection of weakly 
dissociated anions or cations in en eiuent by first separating 
such ions on a chromatographic separation medium by ion 
exclusion chromatography or mobile phase ion exclusion 
chromatography. The eiuent includes en acid or base with a 
co-Ion of the same charge es the ions to be separated, such 
co-ions being in the hydronium or hydroxide form. In one 
embodiment the effluent from the separation medium is 
contacted with one side of an ion-exchange membrane (20) 
having exchangeable ions of opposite charge to the ionic 
species. The opposite side of the membrane includes a 
regenerant with salt-forming suppression ions capable of 
forming a weakly conducting salt with the co-ions. Then the 
separated ionic species are detected preferably by a conduc- 
tivity detector (12). In another embodiment, the membrane is 
replaced by a resin bed with ion-exchangig sites of opposite 
charge to the co-ions. There, co-ions form a suppressed salt 
with the exchangeable ions. 



a. 

lU 



Croydon Priming Comp«'^ ltd 



0133782 



-1- 

AND APPARATUS TOR ION ANALYSIS 
AND DETECTICN USING PEVERSE M3DE SUPPRESSICN 



Ite present invention relates to the separation of ions by 
liquid chroTBtography followed by ion suppression and 
5 detection. 

One form of ion chratBtography includes the use of t>ro 
ion-exchange columns in series, followed by a f lew- 
through detector. Bie first column separates the ions 
of injected sanple by eluting of the sanple through the 

10 column using an electrolyte eluent. In the second 
colOTTi, termed a -s\9pressor", the electrical conduc- 
tivity of the electrolyte in the eluent, but' not of the 
separated ionic species, is suppressed so that the ionic 
species can be determined ty a conductivity cell. This 

15 tedmique is described, for exanple, in U.S. Patent Nos. 
3,897,213; 3,920,397; 3,925,019; and 3,926,559. Bie 
disclosures of such patents are incorporated herein by 
reference. 

An ijiproved form of si^yressor has been developed in the 
20 form of a merrbrane, such as a fiber, which allows for 
continuous analysis of ccansecutive sanples vdthout 
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periodic regeneration or xeplacarent f the suppressor 
oolvim. One such oolvnnn is described in published 
European patent application 32,770, in v*udi such a 
diarged fiber jnenbrane is used in place of the resin 

5 bed. Ite sanple and eluent are passed through the fiber 
with a flowing regenerant at the outside wall of the 
fiber. Ihe fiber ccnprises an ion-exchange msrbrane 
partitioning the regenerant fron the effluent of 
dTroroatographic separation. Ibe menbrane passes ions of 

10 the same charge as the exchangeable ions of the iterrbrane 
to convert the electrolyte of the eluent to weakly 
ionized farm, followed by detection of the separated 
ions. For analysis of cations, an eluent, including a 
strong base electrolyte, such as sodium hydroxide, is 

15 used for separation. A dilute aqueous solution of a 
strong acid, such as sulfuric acid, is used eis the 
regenerant. The ioarj-exchzmge menbrane is of a form 
vAiich allows sodium ion to permeate out of the fiber 
while hydrogen ion permeates in. In this manner, the 

20 sodium hydroxide in the eluent stream is converted to 
de-ionized water and the sodium ions are dispersed in 
the regenerant and ultijiately to waste as sodium sulfate 
and sodiun bisulfate. The cations to be analyzed are in 
hydroxide form and of suitable ionization for detection 

25 by a conductivity detector or the li3ce. For anion 
analysis, an a ppro priate modification of the charges of 
the ccrpcnents are made. As used herein, the term 
"prior art menbrane si^ipression" refers to a system of 
this general type. 

30 Prior art mesrbrane sv^^pression is highly effective for 
sv55>ression in a system where the ions to be analyzed 
are hi^y ionized in the acid or base form, the form in 
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which they are passed to the detector. Hcwever, if such 
ions are vreakly dissociated in the acid or base form, 
difficulties arise in the detection of the ion conduc- 
tivity of such analyte ions based upon their oonduc- 
Stivity. nius, the systan itay not be effective for 
analyzing weakly basic (herein "weak") cations such as 
anunes or weakly acidic (herein "weak") anions such as 
carbojQ'lates. 

One technique for the separation of weak anions or 
10 cations is by ion exclusion chroiatografiiy (lEC) using a 
itedium, typically a resin bed, with penranently attached 
ion-exchange sites, (hereinafter "HC"). The IBC node 
of separation is described in U.S. Patent No. 4,314,823, 
incorporated herein by reference. Briefly sunnarized, 
15 an accepted theory of separation by ion exclusion 
chronatography is that the resin network serves as a 
boundary, which behaves as a send-permeable inenbrane 
between the interstitial liquid in the resin particles 
and the occluded liquid inside the resin. Due to Donnan 
20 exclusion, highly ionized molecules, such as strong 
mineral acids or bases, are excluded fron the resin 
particles and pass directly through the column in the 
void volunE peak. Weakly ionic nolecules may enter the 
resin phase in acid or base form, depending vpan the 
25 form of the ion-exchange sites, and are retained by the 
resin for a later eluUon than the strong acids. In 
general, referring to the separation of anions, the weak 
acids li their nolecular substantially non-ionized form 
can penetrate into the interior of the ion-exchange 
30 resin while the highly ionized acids are excluded. Bs,' 
using ion-exchange resin in hydrogen ion form, salts of 
weak acids v^ch are highly ionized (e.g. of alJcali 
netals) are converted to their acid form which may be 
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retained by the oolumn. For exanple, eodiim acetate is 
converted on the colunn to acetic acid and the sodivsn 
ion is retained by the oolum. thereafter the acetic 
acid is resolved fron other weak acids and eluted fran 
^ the oolum in a separate peak volume vMch can be 
detected. Ite above discussion of ion exclusion 
chrcnatogpraphy applies in analogous nanner to the 
separation of cationsr except, in this caise, an ion- 
exchange resin in the hydroscide form is iised in the ion 
10 exclusion ooliann. 

Another systan for separating and analyzing ions is by 
substit\rting mobile phase ion dircrnatography (MPIC) for 
the ion chraiBtograpf^, using a resin bed suppressor. 
Ihis MPIC systati is described in U.S. Patent No. 

15 4,265,634. Here, the separation medium is a porous 
hydrcphcbic chrcratographic resin with essentially no 
pemenently attached ion-exchange sites. An ion- 
exchange site-forming corpcund, including a hydrc^icbic 
portion and an icn-exchange site, is passed through the 

20 column and forms reversible adsorptive hands with the 
resin to create ion-exchange sites. 

Ve have now developed a ByBtem of ion analysis which combines 
certain prior art principles utilizing membrane suppression 
but which is an improvement upon prior art membrane suppress- 
25 ion, particularly for the analysis of ions which are only 
weakly . assocated in their acid or base form. 



Ihe invention relates to an inproved method and 
e^jparatus in which ions in an electrolyte elvient are 
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(^ironatographically separated and the effluent is 
treated to 6v;ppre6s the electrolyte prior to detection 
of the ions. 

The method of duramatogra^Mc separation is either HC 
5 or a ccntoinaticn of IBC and MPIC (terned "MPHC") , as 
applied to veak icnic species in an eluent including an 
electrolyte. For the analysis of aniens, the electro- 
lyte ^^ically is an acid, and for the analysis of 
cations, the electrolyte typically is a base. As used 

10 herein, in the IBC node, the term "co-ion" vdll refer to 
the anion of the acid electrolyte and the cation of the 
base electrolyte, the sane charge as the ionic species. 
Ftor MPHC, the term "co-ion" refers to the ion of the 
icn-exchange site-forming caipound of the sane charge as 

15 the anolyte ion. 

In a preferred entjodinent, after separation of the ionic 
species, the effluent is contacted with one side of an 
ion-exchange nerbrane having exchangeable ions of 
opfXisite charge to the ionic species. The nenbrane is 

20 perroable to ions of the same charge as the exchangeable 
ions and resists penueation through the nenbrane of ions 
of opposite charge. Sinultaneously, the opposite side 
of the naibrane is contacted with a regenerant. Bie 
nenbrane forms a permselective partition between the 

25 regenerant and the effluent. The regenerant includes 
salt-forming si^ppression ions of opposite charges to the 
ionic species and co-ions. The menbrane is permeable to 
the suppression ions and to corresponding hydronium or 
hydroxide ions. The si:f>pression ions are selected to be 

30 capable of forming a svjipressed salt with the co-ions of 
substantially lower equivalent conductance than the 
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cx>rresponaing hydronium or hydroxide form of the cc^ 
ions. Ite hydronium or hydroxide ions extracted fran 
the effluent at the icn-exchange sites of the narbrane 
are diffused through the reibrane ODto the regenerant. 
5 The suppression ions are diffused fran the regenerant 
ix^to the effluent to form the sufpressed salt, rihen the 
separated ionic species are detected, preferably by a 
conductivity detector . 

in another enbodinent. an ion-exchange resin bed is 
10 utilized instead of the ion^change menbrane to 
suppress the electrolyte the eluent. In this 

instance, the resii. iiicludes ion-exchanging sites vath 
exchangeable ions of cf^osite charge to the ionic 

species and to the co-ions, ihe exchangeable ions form 
15 sappressea salts with the co-ions of substantially lc«er 

equivalent conductance than a correspondiiig hydrmium or 

hydroxide form of the cc^ions. rn>en the separated ionic 

species are detected as set forth above. 



20 



n>e systan of the present invention is useful for 
determining a large nurrber of >«ak ionic species so long 
as the species to be determined are solely anic^ or 
solely cations. A suitable sanple ii^ludes surface 
25 waters, and other liquids such as industrial d^cal 
waste, body fluids, beverages such as fruits and wines. 
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and drinking water. When the term "ionic species" is 
uMd her«ift, it includes species in ionic form and 
ocnponentB f nolecules which are ioniiable under the 
conditions of the present system. 

5 Ohe pr«nt inwiUon will be Hrrther .Seecrilwl with refentice to tte single 
Viffjn of ttiB axcnpervii« drtuiugi M.tti is a schsiatic npreaarrtBtifln cf 
ippartctus useM In perforalng the liwtntion. Refarrli* to the drartng, the 
gyetm IndutoB chrenBtcgrBphlc separation newB 3D InduMnB a chromtpBreFhic 
Bepombian mediun. 

3he dvoratographic separation medium is of a type 
10 capable of separating the weaJdy dissociated anions or 
cations by ion exclusion diromatography. In the lEC 
enibodinfint, such resin ojjcludes permanently attaciied ion 
exchanging site with exchangeable ions of Cfposite 
charge to the weak ioiic species so that chronatographic 
15 separation is performed by selective teiporary retention 
on the coluim. In the MPIBC enix)diment, the chrcnato- 
graphic separation medium is of a type oonventionally 
ejiployed for MPIC as described in detail in U.S. Patent 
No. 4,265,634, even though the technique of separation 
20 is substantially different as set forth in detail belcv. 
Briefly sunmarized, such chrcnatogre^Mc separation 
itedium includes a porous hydrophobic chronatographic 
medium, preferably a resin bed, with essentially no 
permanently attached irav-exchanging sites. 

25 Arranged in series with column 10 is Buppressor means 11 
for suppressing the oanductivity of the electrolyte of 
the eluent but not the conductivity of the separated 
ions. 

The effluent fron suppressor means 11 is directed to a 
30 detector for detecting the resolved icsiic species 
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therefran, preferably in the form of a flcv-throjgh 
conductivity cell 12. A suitable sanple is supplied to 
sanplc injection valve 13 which is swept throagh the 
apparatus by the solution of eluent fran luent 

5 reservoir 14 drawn by pmp 15, and then passed through 
the sanple injection valve 13. (Alternatively, the punp 
may be clindnated in a gravity flew systan.) "Rte 
solution leaving ooloin 10 is directed to a suppressor 
neans 11 wherein the electrolyte is converted to a 

10 weakly conducting form. Ohe eluent with separated ionic 
species is then treated by suppressor ineans 11 and 
passed to conductivity cell 12. 

In conductivity cell 12, the presence of ionic species 
produces an electrical signal prcporticiial to the anount 
15 of ionic material. Such signal is typically directed 
from the cell 12 to a conductivity meter, not shewn, 
thus permitting detection of the concentration of 
separated ionic species. 

!rhe suppressor neans includes a reservoir or source of 
-20 regenerant 16, a chronatographic punp 17, and an ion- 
exdiange nerbrane device 18. Cisnduits are provided 
between the reservoir and mattorane device to deliver 
regenerant to the latter. 

A suitable renbrane device is s^qplied by Dionex 
25 Corporation, Sunnyvale, California, • under the desig- 
nation Cation Fiber Suppressor (Part No. 35352). It 
includes a core 19 around vMch menbrane fiber 20 is 
wound in a coil of a sufficient nunber of turns (e.g. , 6 
ft.) to provide adequate contact with the fiber walls 
30 for pemeation of ions between the regenerant and 
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luent. A shell 22 encloses core 19 and forms therewith 
a regenerant passageway r chanter 23. n^e chanter 
receives regenerant through regenerant inlet 24, and the 
xegenerant is discharged to waste through regenerant 
5 outlet 26. ODltxm effluent flows through the fiber 20 
downwardly fron matbrane inlet 27, through the coil and 
out nenbrane outlet 28. In operation, si^pressor neans 
12 operates by receiving the effluent fron the separa- 
ting column 10, which flows through the interior of the 
10 fiter of suppressor column 18. Sinultaneously, solution 
from reservoir 16 is punped in a generally counterflow 
direction into regenerant inlet 24, and removed fron 
regenerant outlet 26 to waste. 

Ihe system of the present invention is applicable to 
15 weak anions and weak cations. As defined herein, "weak 
anions" are anions vMch, in acid form, are ionized and 
have a relatively hic^ p*^ value {e.g., about 2 to 7) 
and \rfiich are resolved by TEC, in corparison to "strong 
anions" whidi are defined to be hic^y ionized in acid 
20 form, have a relatively low pKj^ value (e.g., 0 to about 
2) and vhich are not resolved by IBC. 

As further defiiied hereiji, "weak cations" are cations 
*<hich, in base form, are poorly ionized, having a 
relatively high pK^ value <e.g., about 2 to 7) , and 
25 which are resolved by IBC in corparison to "strong 
cations" \^ch are defined to be hi^y ionized in base 
form, have a relatively low pKg value (e.g. , 0 to about 
2) , and vMch are not resolved by HC. 

As further defined herein, "weak ionic species" are 
30 either weak anions or cations depending vpan whether or 
not the method is used for their separation. 
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Typical weak aniens incluae ncno-, di- and tricarboocy- 
late groi^JS (e.g., formates and acetates), carbonatfis, 
aUcyl sulfonic acids, phosphonic acids, and phosphoric 
acids. Typical weak cations incl\ii3e primary, secondary, 
5 and tertiary amines, anmonia, and saie quaternary 
amines. 



nc 



A suitable ion-exchange resin bed includes a resin of a 
neutral macroporous type which has been functicnaUzed 
10 by strong acid grocps such as sulfonic groi^ffi or strong 
base groups such as quaternary amines. The neutral 
resins may be formed as set forth in U.S. Patent 
4,224,415, and sold by Dionex Corporation of Suni^vale, 
cllifomia for use in an MPIC - NSl column. This 
15 neutral macroporous resin is functionalized to the 
sulfonate form by soaking in concentrated sulfuric acid 
followed by aspiration and addition to water follcwed by 
filtraacn as described in Pohl, C. and Slingsbi', R., 
Eurcpeen Itetait i^pllmtion mtdtLed •■Hettiod And /tparaiiB for ttMlc 

^ Quui aU feiq^ Aid te*rane a?pressixn" (»rr Reference EA1257) 
filed simultaenously herewith. Such resin 
is of the type in which the dominant retentive force is 
penetraUon of the weak acid (or base) in nolecular form 
into the interior of the resin for retention there for a 
25 tine until elution in the eluent stream in reverse order 
to such retention forces. This effect dordnates over 
any ion-exchange effect. To permit this to occur, the 
pore size of the resin should be relatively large so 
that such nolecules may penetrate the resin. The 
30 specific exchange capacity of the resin particles is not 
critical. A suitable level is on the order of about 0.1 
to 5 millieguivalents per gram (meq./g.) of resin. 
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ft major difference in the separation in accordance with 

the present invention and ij) the prior art icn exclusion 

chroiiatograFhy using resin with permanenUy attached 

ion-exchange sites resides in the eluent. In both 

5 systans, the elueit most include an electrolyte capable 

of oanverting weak ionic species in salt form into the 

suppressed or ncn-ionized acid or base form. Referring 

to the analysis of anions by conventional lEC, such 

electrolyte is typically a strong mineral acid, such as 

10 hydrochloric acid, while in the analysis of cations, the 

elvent is a strong base such as sodium hydroxide. 'For 

- reasons set out below, such electrolytes would not be 

preferred for svfpression by tiie techniques of the 

present invention. Acids or bases are still erplqyed 

15 but the anion of the acid and the cation of the base 

must be of a particular type. E>qjressed in a different 

manner, the co-icns of the hydronium or hydroxide in the 

acids and bases, respectively, beij>g of the sane charge 

as the ionic species, mast also be of a type c^)able of 

20 suppression by the present invention. For that purpose, 

such co-ions imist be capable of forming si??3ressed salts 

with the si:?:pressian ions in a regenerant, as described 

below, which suppressed salt is of substantially Icwer 

equivalent cxsnductance than the corresponding hydronium 

25 or hydroxide form of the oo-ions. This is because the 

sxippression ions of the regenerant contact the effluent 

stream from separation and form such s\?pressed salts 

which pass to the detector with low ccnductivity. 

By way of exanple, for anion analysis in accordance with 
30 the invention, the ion-exchange resin may be a sulfonate 
type of resin with l^rdrogen ion exchangeable groi?)S, the 
eluent may be a sulfonate or a carboe^late co-ion in 
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acid form in vater, and nay ijiclude an appropriate 
organic solvent. In this instance, the si?:pressor ion 
%rfu.ch forms a st^jpressed salt with this oo-icxi is 
^pically a cation such as a quaternary annicniizn ion. 

5 Ttye preferred mode of svjppressicn is by use of an 
ion-exchange menbrane similar in sere respects to the 
ion-exdiange msniarane described in the aforementioned 
published European patent pw^licaticn but with a sub- 
stantially different function. In accordance with the 
10 present invention, the effluent from the separation 
medium is passed through one side of an ion-exchange 
maibrane, suitably by flowing through the fiber of the 
device shown in Figure 1. As with the prior art mem- 
brane suppression, the ion-exchange menbrane has 
15 exchangeable sites of an opposite charge to the ionic 
species and is permeable to ions of the sane charge as 
the exchangeable ions. Furthermore, the menbrane resist 
permeation of icns of opposite charge to such exchange- 
able ions. SiJTUltaneously, the opposite side of the 
20 irenbrane is contacted with the regenerant v*iich includes 
the salt-forming su^^jression ions of opposite charge to 
the ionic species and oo-ions. In prior art msnbrane 
si;?55ressicn for cations using a base electrolyte, such 
as sodium hydroxide, the sodium ions diffuse out of the 
25 fiber into the regenerant while hydrogen ions in the 
regenerant diffuse in the opposite direction into the 
effluent to form water. In contrast, in accordance with 
the present invention, a reverse mode of menbrane 
suppression is erployed. 

30 For cation svppression, the electrolyte may be phosphon- 
ian ana sulfonixim hydroxides or, preferably, quaternary 
amrcni™ hydroxides such as TBAH. Ihe marbrane includes 
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icn-exdiange sites with excdvmgeable icns (e.g. methane 
sulfonate) f the opposite chzurge to the co-ion f the 
base electrolyte which thus resist permaation through 
the nerbrane of the oo-ion, tetrabutyl amioiium ion 
^ {TBfi) . Ihe hydroxide ions pass through the irenisrane 
into the flowing regenerant. Conversely, the 
s^jfpression ions of the regenerant, being negatively 
charged, pass through the merbrane and into the effluent 
to form a suppressed salt with the co-ions in the 

10 effluent. Preferable suppression ions for cation 
analysis include sulfonate ions characterized by the 
capability of forming weakly ionized suppressed sedts 
with the co-ions, typically, TBftH. oypical equivalent 
conductances for the si?>pression ions axe less than 

15 200 pS and preferably less than 50 vS. The sane 
relationship e^lies for the oo-ions. The regenerant 
stream includes an acid of the suppression ion 
(sulfonate). In this manner, the hydroxide ion 
diffusing fran the effluent to the regenerant side of 

20 the nsibrane forms water in the regenerant side with the 
hydrogen ion renaining after the suppression ion 
(sulfonate) diff vises in the reverse direction into the 
effluent to form the si^jpressed salt in the effluent. 

For anion analysis, the eluent includes an acid electro- 
25 lyte with suitable co-ions of sulfonate or carbooorlate 
form. The suppression icn is suitably a quaternary 
annonium ion. The exchangeable ions of the ion-exchange 
nentorane then conprise cations such as hydroniiim ion 
rather than anions. Vievred in another manner, the 
30 co-ion for anion analysis are suitable for use as the 
sv^jpressor ions for cation analysis vAiile the suppressor 
ions for cinion analysis are s\iitable for use as the 
co-ions of cation analysis. 
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The theory of operation of the neribrane is suralar to, 
but in the reverse node fran, prior art irarbrane 
Buppressim. in both instances, icns extracted fran the 
effluent at the active ion-exchange sites of the nsn- 

Sbrane are diffused through the nertrane and are 
exchanged with ions of the regenerant, and thus diffuse 
ultimately into the regenerant. The exchangeable ions 
of the ion-exchange nerbrane are in the f onr, necessary 
to convert the electrolyte of the eluent to a weakly 

10 conducting form. 

Referring specifically to cation analysis according to 
the present invenUon, the nerbrane is typically a 
strong base anion exchange merrbrane (positively 
charged) , preferably with quaternary anmonium functional 
15 groups, and whidi is typically in the hydroxide ion 
form, in this form, the merrbrane is permeable to anions 
but not cations. Ihe permeating anions are c^xtured at 
the active ion-exchange sites at the merbrane and thus 
diffused through the nenbranes. The diffusing ions are 
20 eventually exchanged near the cpposite surface of the 
renbrane with ions fron the regenerant, and thus ulti- 
mately diffuse into the regenerant, and are- reroved - f ran 
the separator colutn effluent. Ihe menbrane continu- 
ously replaces the extracted anions with liJce charges 
25 which suppress the conducUvity of the electrolyte.' 
While the neibrane is continuously being exhausted, it 
is sijnaltaneously continuously regenerated by the 
ion^change reactions occurring to the interface of the 
regenerant in the menbrane. 

30 ion-exchange marbranes having the permselective ion 
transfer property set out abov/e are )ax*m for other 
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uses. Certain such menbranes axe described by R. M. 
Wallace, "Ccaicentration Ard Separation Of lens By Donnan 
MesTbrane Bquilibrim", I & EC Process Design and 
Developrerit , 6 (1967). As described in the aforemen- 

^ ticned published European patent e{?)lication, Buch 
nenbranes nay be in the form a flat sheet or one or nore 
hollow fibers. Typically, the fibers have an internal 
bore size less than about 1,000 microns. One suitable 
fiber which has been used oaimercially for sn^ressian 

10 is supplied by DuPont under the trade name Nafion, and 
has been utilized by Dicnex Corporation in its fiber 
Bi^^pressor devices for conventional ion chrcnatography. 

While the above type merrbrane is suitable for 
svfipression of the effluent of conventional ion 

15 chromatography, as set forth above, it may not be 
suitable for the present invention for a nunber of 
reasons. Firstly, the menbrane must be of a type 
capable of passing siippressor ions whidi are capable of 
forming suppressed salts on the effluent sides of the 

20 nerbrane. As set forth above, for cation analysis, one 
preferred suppressor ion is tetrabutyl annonium (TBA) 
ion, having an ap pr o ximate size of 10 angstroms. (As 
used herein, size refers to apprajdmate effective ionic 
radi\as in aqueous solutions at 25°C.) In contrast, it 

25 has been found that Nafion, the menbrane previously 
used, vd.ll pass tetranethylanouun hydroocide (6 angstron 
size) , but not tetrapropylamonium hydroxide (8 angstrom 
size). Thus, for cation analysis, it is preferable to 
use a membrane capable of passing ions of a size greater 

30 than 6 to 8 angstroms. 

A stable neibrane capable of tran^xjrting ions of a size 
greater than 7 angstroms, and preferably greater than 10 
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angstions, has been developed which is capable of 
transporting the TEA icn in a reasonable period of time, 
ttiis renders the roarbrane useful for suppression since 
the TBk ions are transported across the msrbrane during 
5 use in a typical anion analysis as set out belcv. In 
one technique for forming this ion-exchange itienbrane, 
intravenous tubing introduced by hospitals is arplcyed 
as a base material, such as s\?plied under the trade 
nane Microline by Thermcplastic Scientifics, Inc., 
10 Warren, New Jersey. This particular menbrane is a 
cx>-polyner of 91% ethylene and 9% vinyl acetate, 
dirensioned at 0.011 inch i.d. and 0.024 inch o.d. A 
nonaiEr, suitably vinyl benzyl chloride, is grafted onto 
this tubing to render it suitable for conversion to 
15 ion-exchange form. Thereafter, the grafted tubing is 
aminated as set forth in Slingsby, R. , and Pchl, C, 
Eurxpeen ftttait tVpHcaiicn entitled "Methal And /nparate for M±ile 
Phase Ion Chromatography And Membrane Suppression" (BWT 
Reference - EA1257) filed simultaneously herewith. 

20 A suitable technique for grafting is by irradiation of 

- the tubing in a solution of the mDncmer in an organic 
solvent such as nethylene chloride. A suitable 
concentration of nonoier and solvent ranges fron 32% to 
70%, and preferably 45% to 55%. An ajpropriate 

25 irradiation dose is 10,000 rads/hour of gaima rays at 
the tire of 72 hours to 400 hours and a temperature of 
80 "C. to 90 °C. under an inert atnosj^iere such as 
nitrogen. A suitable technique for forming a sulfonated 
or aminated jisibrane is set forth in Slingsby, R. and 

30 pohl, C, European /^plication entitled "Analysis Of Liquid 
Streams Using Tubing with Protuberances On Its Inner Wall" 
(BWT Reference - EA 1256) filed simultaneously herewith. 
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Aa 9»t forth above, the co-icns form suppreBsed salts 
with the s^pprttMion ioni of Iw icnic oonductanoe due 
to a careful eelecticn of apprcpriate •uppreaslon lens 
end oo-icna. Preferably, the equivalent oenductanoM of 

5 eadh ion in the suppressed salts is less than 100 vS, 
preferably less than 30 uS.. Thus, the equivalent 
oonductanoe of either the st^pression ion or the oo-ion 
nay be relatively hi^^ so long as the equivalent 
oonductanoe of the other ion in the si^pressed salt is 

10 relatively low. In other words, the total of the 
equivalent oonductanoe for the suppression ions and 
oo-ions should be relatively low, e.g. less than 100 vS. 
The concentration of oo-icn and suppressed ion is such 
that a soluble svf:pressed salt is foxned vith the 

ISregenerant cation in water or with a non-ionic 
surfactant in water. Apprcpriate use levels for this 
purpose are front 200 nicranoles to 50 milliiiDles. A 
non-ionic surfactant nay be used at levels of 0.1% to 
10% (w/w) in sufficient quantities to solubilize the 

20 siqspressed salt. 

The regenerant system for the analysis of weak acids 
includes an organic or inorganic base vrlth suppression 
ions (cations) of equivalent conductance also less than 
100 wS and preferably less than 30 uS. line counter-ions 
25 of such cations nay be hydroocide, cartxnate, borate or 
the like. 

As appropriate co-ions emd suppression ions are selected 
on the basis of the equivalent conductance, the anion 
eluent oar regenerant nay be selected fron the same 
30 gnxping and include one or more of the follcving: 
Cc~C-,-i sulfonic acids, halogenated carfxxxylic acids sucdi 
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as txidecafluarohqptanoic or nonadecafluorodecanoic 
acid, alkyl hydrogen sulfates sudi as dodecyl hydrogen 
sulfate, aronatic sulfonic acids such as linear or 
branched alley liaenzene sulfonic acids, perdiloric acid, 
5 nitric acid, and other mineral acids with e^rcpriate 
eguivalsnt conductances. 

Cation eluent co-ions or suppression ions nay include 
Cj-C^ quaternary anncniim hydroodde %Mdj include aUqrl 
and/or aryl groups, lithivsn hydroodde, sodixm hydroKide, 
10 potassivan hydroxide, and amncnium hydroxide, phosphonium 
hydroxides and/or sulfoanixsn hydrooddes. 

nie selection of s\:gppression ion and oo-ions are such 
that the sv^pressed salt fomed in the effluent has a 
sufficiently low ionic conductance as to permit 
15 detection by the conductivity detector without omdue 
bacJtground noise from the suf^aressed salt. For this 
purpose, for the analysis of a typical ionic species, 
this value may be on the order of 10 to 100 vS. 

Eli^t and regenerant solvents may include alcohols, 
20 acetonitrile, diinethyl fonramide, aUcooc^ ethanols such 
as 2-ethoocy ethanol, and roethylethylketone. Hvs sol- 
vents most be ndscible in water. 

Eluent surfactants may include ncn-ionic surfactants 
Budi as ethooiylated alcohols with 3-11 ethoxy groups and 
25 9-15 carfxjn alkyl groups; alkylphenoscy polj-ethooQ'- 
ethanols with 3-15 ethoxy grotps arei 3-11 carbon aUtyl 
gmps. 

Ths s up pr e ssion ions also form salts with the weak ionic 
^Kcies. 5his is higjily advantageous for the analysis 
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of many weak anions such as boric acid and weak cations 
sudi as txiethanolimine v*iich are poorly ionized in 
their respective acid and base fortns, v^iich foxm are the 
ones which must be analyzed in accordance with the prior 
5 art xnenbrane stjipression techniques. In oartrast, the 
weak ionic species leave the ncrbrane suppressor in the 
form of a salt with the sv^ressicn icns which have 
passed through the raentorane. Sudi salts are uore highly 
ionized than the acid or base form of the weak ionic 
10 species thus providing rore effective detection of the 
icaiic species by a conductivity detector, 

lon-exchemge Resin Bed Suppressor 

In another enbodiment of the HC node, an ion-exchange 
resin bed arbodiiiEnt is substituted for the above 
ISnerbrane suppression technique but utilizing the sane 
chrotBtogr^ihic s^aratign and detection Bode. 

nhe exchangeable ions of the ion-exchange resin serve a 
similar function to the suppression ion set forth above. 
Firstly, they ccnbine with the oo-ion to form svfipressed 

20 salts of lowered ion ocatiductivily which is particularly 
inportant for detection of the icn by a conductivity 
detector. In addition, the exchangeable ions form salts 
with the weak ionic species of inproved ionic conduc- 
tance in ooipariscn to the acid or base forms of such 

2 5 weak ions. Ihus, the selection of sugppression ions and 
co-ions are the same in this made of the invention as in 
the above discussion with lespect to the menbrane 
enixjdinent. 

The resin in the packed bed suppressor can be formed of 
30 an appropriate high capacity resin so that it can handle 
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xttlativaly Urgt volvnu of eo-ions vithout allewing the 
uam to xwd) the conductivity otll in hi^y icnited 
fom. A luitable rtsin ii a mienpoxouB ■tyrvw-diviivl 
bcnzene-faBMd nnin fully or partially erosi-linkad and 

5 vith a mdiun dianatcr of 5 to 50 sdczona. reiin 
my ba partially or fully lulfonatad (for the analyaie 
of caticna) or andnated (for the analyals of caticns). 
Bulfonation and amination my ba parfocned by Joiown 
tadniquea. Referring to anion analyaia, the auppres- 

10 aicn iona auch aa m are paaaed through the odvnn to 
funetionalise the aulfonate group. In thia inatanoe, an 
afpxopriate acid my be utilized aa the eluent for 
B^aration. In the auppreaaoa: oolum, the TBk icn is 
replaced by the hydrogen ion of the eluent. Ohus, the 

15 BUFpreasor resin becones deleted and nust either be 
r eg e nerated fay passage of a solution of icns through 
the column or v^laced with resin charged with !IBA 
exdiangeable ion. Since the fiber ai^ipressor Eysten is 
self regenerating and the si^^iressar packed bed is not, 

2 0 the fomer system would be the preferred one. Bowever, 
there nay be sane t^licaticns vAiere the packed beds 
sv^spressor resin my be particularly useful. 

Mobile Phase Icn Bcclusion Chronatography (MPIEC) 

In this system, the principles of ion exclusion dirana- 
25togr2{ihy as set forth above axe corbined with certain 
principles of MPIC. In conventional MPIC, the ionic 
species to be s^iarated are diiected in a mobile phase, 
including ncbile icn exchange site-fonning caipound, to 
a separating ooliiran conprising a neutral porous 
3Dhydrophobic chronatogrsfihic mediun, typically a resin 
bed. Ths separation occurs by conventional icn exchange 
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of such icnic species and oarpoonds. This is to be 
contrasted with the above IBC separation mode. 

In the node of MPIC, the separaticr nedium cotprises a 
porous hydropixjbic chroratographic median with essen- 

5 tially no permanently attached ion-exchange sites. The 
acid or base form of the co-ions function as ion- 
exchange site-forming corpound and include a hydrcphdbic 
portion. Thus the co-ions form reversible adsorptive 
bonds with the chromatogrephic medium, preferably in the 

10 form of a packed bed of resin, to create icHi-exchange 
sites therecHi. The separation of the weak ions or 
cations in sujpressed form is performed by selective 
terrporaiy retention. 

The systen of the present invention is similar to lEC in 
15 that after the co-ions beccne attached to the resin bed, 
they serve as ion-exchange sites in a similar manner to 
the permanently attached ion-exchange sites of IBC set 
forth above. The advantages of MPnc over lEC are 
similar to the analogous advantages of MPIC over conven- 
20tianal icm chronatogre^y using resin with permanently 
attached ion-exchange sites. Such advantages are set 
forth in U.S. Patent 4,265,634. They include the 
ability to optimize ionic separation over a large range 
of selectivities by eluent changes. In addition, large 
2 5 organic ions vdiich are difficult to separate by 
conventional ion chrcnatograpiy may be detected. 

The principles of IBC are set forth above. The 
principles of using a mobile phase in the context of 
conventional ion chramatography are set forth in the 
SOaforenenticmed U.S. Patent 4,265,634. Since the mode of 
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Beparaticn it iv ion exclusion, the co-aon which 
funcUons as the ion-exchang Bite-fornujig cotpound of 
the present invention is of the sane positive or 
negative charge as is the ionic species to be detected. 
5 in contrast to MPIC as set forth in the af orarentioned 
U. S. Patent 4,265,634, in MPIBC the oo-icn whidi serves 
as the ian-€xchange site is of the sane charge as the 
ionic ^ies to be detected to penidt ion exclusion, 
rather than ion exdiange, to occur. 

10 A suitable separation medium for MPIBC is the neutral 
macrcporoos resin used as the base material for the 
functionalized macrcjporous resin described above. 

Iteferring to cation analysis, suitable ion-^change 
site-fonning compounds include (a) quaternary amitanium 
15 hydroxides which contain alkyl and/or aryl grcKips, (b) 
phosphonium, and (c) sulfonium graaps. The co-ions of 
such ccitpounds rust be cationic and be of a type capable 
of forming reversible adsorptive bonds with the chrate- 
tographic bed. For this purpose, such co-ions typically 
20 include organic chains, specifically aU?yl chains, of 
sufficient length for ready adsorption on the column, 
butnotsolongastobetoo difficult to renove in a 
reasonable period of time. Also, the ion-exchange 
site-forming ccrpound must be capable of being substan- 
25tially precluded fran passage through the walls of the 
st5^>ressor fiher in ionic form. The counter ions of 
such co-ions are selected to pass through the menfcrane. 
Such counter-ions include carbonate, borate and 
hytaroxide. all of which form weakly ionized acids or 
30water in the suppressor colunn means. 
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•rtie degree of adsorption of oo-ion determines the column 
capacity which can be tailored to the desired retention 
tijie for a particular sanpl by the use of cc3ntrolled 
airounts of an organic polar ccnpound. For exanple, the 
5 degree of adsorption of IBAH increases significantly as 
the organic polar liquid (e.g. acetonitrile) content 
decreases. 

For the analysis of anions, the ion-exchange site- 
forming ccrnpounds also must be of a type formed of a 
10 co-ion and a counter-ion capable of substantially being 
precluded fran passage through the wall of the ma±>rane 
suppressor device. Suitable co-ions for this purpose 
include: C^-Cjq alkyl sulfuric acid, such as lauryl 
sulfuric acid, or alkyl and/or aryl sulfcmc acids. 

15 A preferred cotiponent of the mobile phase is a sub- 
stantially iXMi-ionic organic polar ccnpound in an amount 
which serves to selectively reduce the retardation time 
of the ionic species in the separation bed in a con- 
trolled manner.. Suitable polar liquids include Icwer 

20 alcohols, such as methanol and ethanol, acetonitrile, or 
any water miscible organic solvent. 

In MPIBC, the co-ions mast be suppressed in a manner 
analogous to the co-ion in the effluent of IBC using 
resin with permanently attached ion-exchange sites. The 

25 sane modes of suppressicsi nay be enployed, namely the 
preferred mode of marbrane suppression and the other 
node of the packed bed suppression. Since the co-ions 
used in both Tvodes of chromatographic separation may be 
the same, the suppressicHi techniques likewise may be the 

30 sane using the same suppression ions. Thus reference 
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Bhould be macae to the aforenentioned modes of suppres- 
sion which are suitabl for MPIBC. Similarly, the 
conductivity detection nay be performed in the sane 
iranner as set out above. 

5 A further disclosure of the nature of the invention is 
provided by the following specific exanple of its 
practice. 

Exanple 1 

This exanple illustrates fomation of a maibrane in the 
10 form of a fiber useful in the present invention. Tubing 
is svQplied under the naire Microline by Ihemcplastic 
Scientifics, Inc. Ihe base polyiter is a co-polyirer of 
91% ethylene and 9% vinyl acetate, cross-linked 40% to 
65%. Ihe average nolecular weight is 190,000 with an 
15 average carbon nurrber of 14,200 and a glass transition 
fcenperature of above 80°C. 'The dinensions of the tubing 
are 0.011 in. i.d. by 0.024 in. o.d. Styrene nanorrer is 
grafted onto the tubing by irradiation with gainra rays 
at a dose of 10,000 rad/hour for 120-200 hcurs. 

20 A sulfonated anion fiber is fomed by taking the above 
grafted fiber and swelling it in niethylene chloride for 
10 minutes. The tubing is functionalized by sulfonation 
by filliJ^ with a solution of 3% chlorosulfonic acid in 
nethylene chloride and soaking at roan tenperature. 

25 ito form the aminated cation resin, vinylbenzyl chloride 
nonomer is grafted instead of styrene monaner. The 
grafted tubing is swelled and then filled with a solu- 
tion of 15% w/w nethyldiethanolamine in methylene 
chloride. The tubing is aminated by reflexing at 45''C. 

30 for 40 hours at the ratio of 20 ml solution per foot of 
swelled grafted tubing. 
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This exanple illustrates the separation of organic acid 
by IBC and suppression using an anion fiber sx^jpressor 
formed as set forth in Exanple 1. 

5 Ihe separator colunn is sold by Dionex Corporation of 
Sunnyvale, California vmder part nunber 35330. The 
jacked resin is a microporous styrene- divinyl benzene 
resin with 8% cross-lin)ung, 8 micron bead size and is 
10 fully sulfonated. Ihe column is 9 mn i.d. by 250 irm 
long. 

The sanples to be separated are the weak anions citrate 
(50 ppn), lactate (30 ppn) and acetate (50 ppn) . The 
eluent is a strong acid 0.25 nM tridecafluoroheptanoic 

15 acid at an eluent flow rate of 1.0 ml per minute. After 
separation in the above column, the effliient is directed 
through a fiber siqjpressor device of the type described 
above. Regenerant, 10 nM TBAH is directed through the 
regenerant chanber at a flew rate of 2 ml/min. The 

20 conductivity is measured by a conductivity detector and 
three distinct peaks are formed in a chrotiBtogre^jh. 

Exanple 3 

This exanple illustrates the separation of anmonium ion 
and quaternary anmanium conpounds using MPIBC and a 
25 cation fiber sv^pressor. 

In this exanple, the resin is neutral coiprising macro- 
jorous ethylvinylbenzene-divinylbenzene with 57% cxoss- 
lii-iking and 10 micron bead size packed into a 9 mm i.d. 
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by 250 nin long colum. Tte eluent is an aqueous solu- 
tion ooiprisiJ^g 1 nW phenyltrijnethylamnDnium hydraxide 
at an eluent flow rate of 3 ml/inin. The fiber-suppres- 
sor column is an andnated cation fiber si^pressor sold 
5 by Dionex Corporation of Sunnyvale, California under 
part nuiTber 36179. Tte regenerant, 5 nM niethane sul- 
fonic acid, is flowed through the regenerant chanter at 
a .flow rate of 3 ml/min. !Ihe sanple corprises ajnronium 
ion (at 100 ppn), tetrapentyl amnoniuni hydroxide (1,000 
lOppm), tetrapropyl aimcnium hydnscide (500 ppn) and 
tetranethyl anncnium hydroxide (1,000 ppn) . The conduc- 
tivity- is measured in a conductivity detector and four 
pea)is are fomed in a chrorBtogram, but with less 
distinct resolution than in Exaitple 2. 



1 5 Exanple 4 

•Biis exanple illustrates the separation of sulfate and 
organic acids in the MPIBC made. 

ma sanple included sulfate ion, citrate ion, - succiiiate 
ion, and acetate icn. 

201^ separator column corprises a ndcrcporous ethylvinyl- 
benzene-divi^lbenzene resin at 6 ndcron bead size, with 
57% cross-linking. The eluent is 0.25 itM tridecafluoro-. 
heptanoic acid at a flow rate of 1.5 na/itoJi. The fiber 
s^TBBsar is a sulfonated polyethylene-vdj^yl acetate 

25polynBr farmed as set forth in Exanple 1. The 
regenerate is 10 nM TBRH at a flew rate of 2 ml/min. 

The conductivity is measured in a conductivity detector 
and the anions are separated into four distinct peaks in 
a chrcratogram. 
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Exanple 5 

This exanple illustrates the separaticai of organic acid 
by MPIBC using suppression with a packed bed s\?:pressor. 

A sanple includes an aqueous solution of citrate (50 
5 ppn) , succinate (50 ppn) and acetate (50 ppn) . 

The separator colurm coiprises a macroporous surface 
sulfonated ethylvinylbenzene-divinylbenzene with 57% 
cross-lin3dng. The eluent is 1 iiM octane sulfonic acid 
at a flow rate of 2 ml/min. 

10 Ihe suppressor column is a packed bed anion suppressor 
packed in a column 9 inm i.d. by 100 Tsm long. The resin 
is fomed by sulfcaiating 15-25 micron beads of 
micrc^orous styrene-divinylbenzene resin and thereafter 
punping TBAH over the resin to form the ion-exchange 

15 functional grtxps. 

Detection is by a conductivity detector and a chrona- 
togram is fomed illustrating three distinct peaks. 
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CLAIMS ; 

1. A nethcsd of ion analysis and detect icn caiprising: 

(a) eluting at least two weak ionic species to be determined 
past a chronatographic separation nedium in an eluent to separate 
the ionic species, the ionic species being all of positive or 
negative charge and being in the form of weakly dissociated acids 
or bases or salts of weakly dissociated acids or bases, and, after 
separation, being in the form of acids or bases, the eluent corprising 
the hydronium or hydroxide form of co-ions of the sane charge 

as the ionic qpecies; and 

(b) contacting the effluent from the sqaration medium with 
one side of an ion exchange mentorane having exchangeable ions 
of an opposite charge to the ionic species and being permeable 
to ions of the sine charge as the exchangeable ions, and which 
resists penteation throu^ the merbrane of ions of opposite charge; 
eind 

(c) simultaneously with step (b) contacting the opposite 
side of the netbrane with a regenerant, the menbrane forming a 
permselective partition between the regenerant and the effluent, . 
the regenerant including salt-forming svfpression ions of opposite 
charge to the ionic species and co-icns, the mentorane being permeable 
to the svRiression ions and to corresponding hydronium or hydroxide 
ions, the suppression ions being capable of forming suppressed 
salts with the co-ions of substantially lower equivalent conductance 
than the correBponding hydronium or hydroxide form of the co-ions, 
whereby hydronium or hydroxide ions extracted from the effluent 
at the ion-exchange sites of the membrane are diffused through 
the membrane into the regenerant and the suppression ions are diffused 
fron ihe regsoermt into *e effUiait to fcm the a^ir^ sa^^^ 

(d) then detecting the separated ionic species. 

2. A method as claimed in Claim 1 in which the membrane is continu- 
ously contacted by a flowing stream of fresh regenerant. 

3. A method as claimed in Claim 1 or Claim 2 in which the ionic 
species and co-ions ar anions, the suppression i ns are cations, 
and the exchangeable ions are cationic. 
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4. A method as claim d in Claim 1 or Claim 2 in which the ionic 
apecicB and c -ions are cations, the Buppreasion ions are ani ns, 
and the xchangeable ions are anionic. 

5 5. A method as claimed in Claim 1 or claim 2 in which the suppress- 
ion ions are quaternary ammonium ions, carboxylate ions or sulfonate 
ions. 

6. A method as claimed in any one of Claims 1 to 5 in which 
10 the separation step is performed by mobile phase ion chromatography 
in which the chromatography separation medium comprises a porous 
hydrophobic chromatographic medium with essentially no permanently 
attached ion-exchange sites, and the acid or base form of co-ions 
function as ion-exchange site-forming compounds and include a 
15 hydrophobic portion, so that the co-ions form reversible absorptive 
bonds with the chromatographic medium to create ion-exchange sites 
thereon, and the separation of the weak anions or cations in suppress- 
ed form is performed by selective temporary rentention. 

20 7. A method ad claimed in any one of the preceding Claims in 
which the detection is performed by a conductivity detector. 

8. A method as claimed in any one of Claims 1 to 5 in which 
the chromatographic separation medium includes permanently attached 
25 ion-exchange sites with exchangeable ions of opposite charge to 
the weak ionic species, the chromatographic separation mediiim 
being in a form to substantially separate the weak ionic species 
by selective temporary retention. 

30 9. /. method of ion analysis and detection comprising: 

{■ ) Luting at least two weak ionic species to be determined 
past ci. r-c nat ographic separation medium in an eluent to separate 
.the nic ;p :ies, the ionic species being all of positive or 
negat e c r and being in the form of weakly dissociated acids 
35 or b .^s c: . Its of weakly dissociated acids or bases, and, after 
sepaii.ion, Jeing in the form of acids or bases, the eluent comprising 
the hrdronium or hydroxide form of co-ions of the same charge 
as tKa ionic species; 
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(b) c n-Uotlng th» •ffluent from the •eparation medium with 
icm-axhange re.ln having I n - exchange aitee with exchangeable 
lone of an oppoaite charge to the Ionic apeclea and to the co- 
lona and being capable of forming auppreeeed ealta with the co- 
lona of Bubatantlally lower equivalent conductance than the correapon- 
dlng hydronlum or hydroxide form of the co-lone; and 

(c) detecting the aeparated Ionic apeclee after formation 
of aaid aalta. 

10. A method as claimed in Claim 9 In which the ionic epeclea 
and co-iona are anions, and the exchangeable ions are cations. 

11. A method as claimed in Claim 9 in which the ionic species 
and co-ions are cations, and the exchangeable lone are anions. 

12 A method as clained in Claim 9 in which the exchangeable 

ions are quaternary ammonium ions, carboxylate ions or sulfonate 
ions. 

13. A method as claimed in any one of Claims 9 to 12 in which 
the separation step is performed by mobile phase ion chromatography 
in which the chromatographic separation medium comprises a porous 
hydrophobic chromatographic medium with essentially no penranarrtOy 
attached ion-exchange sites, and the hydronlum or hydroxide form 
of co-ions function as ion-exchange site-forming compounds and 
include a hydrophobic portion, so that the co-ions form reversible 
adsorptive bonds with the chromatographic medium to create ion- 
exchange sites thereon, and the separation of the weak anions 
or cations in suppressed form is performed by selective temporary 
retention. 

14. A method as claimed in any one of Claims 9 to 14 in which 
the detection is performed by a conductivity detector. 
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15. A in th d as claimed in any one of Claims 9 to 14 in which 
the chromatographic separation medium includes permanently attach d 
ion-exchangeable ions of opposit charg to the weak i nic sp ci s, 
the chromatographic s paration medium being in a form to substant- 

5 ially separate the weak ionic species by selective temporary reten- 
tion. 

16. i^paratus for the chromatographic separation and analysis 
of ionic species in an eluent including an electrolyte comprising: 

j^Q (a) chromatographic sepau^ation means; 

(b) means for supplying the eluent tc the chromatographic 

separation means; 

(c) suppression means communicating with the separation 
means for treating effluent eluting the separation means, the 

15 suppression means comprising a regenerant compartment, an effluent 
compartment and an ion-exchange membrane separating the compartments, 
the membrane being selectively permeable to ions of the same charge 
as the exchangeable ions of the membrane imd being capable of 
transporting ions of a size greater than 7 lar^stroms between the 

20 regenerant compartment and effluent compartment, the membrane 
being in a form to convert electrolyte in the effluent to a weakly 

conducting form; and 

(d) detector means in communication with the suppressor 
means for detecting the ionic species eluting therefrom. 



25 
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17. Apparatus as claimed in Claim 16 in whilch the detector means 
comprises a conductivity detector. 

18. Apparatus as claimed in Claim 16 or Claim 17 in which the 
membrane com r; ses one or more hollow fibers. 
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